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SENSING AIR PARTICULATE MATTER USING AN OPTICAL MOUSE SENSOR
BACKGROUND
A typical particulate matter (PM) sensor that can measure 2.5 µm particles (PM2.5) uses
a fan to move air through a channel. A laser, a vertical-cavity surface-emitting laser (VCSEL), or
light emitting diode (LED) is used to emit light into the channel. Light that is scattered by the
particulate matter is sensed using a photodiode. The amplitude of the output signal is
proportional to the size of the particle and the number of pulses can correspond to the number of
particles. Such a design has disadvantages, including the size, cost, noise, and reliability
associated with the use of a fan to cause air to move through the flow channel.
DETAILED DESCRIPTION
Instead of relying on a fan, a fan-less design can be implemented that provides a
sufficiently high accuracy of particulate matter. For example, an ADNS-9800 sensor, which is
typically used in an optical computer mouse to track the mouse’s movement, uses a VCSEL
emitter of about 845 nm. To repurpose the sensor for sensing particulate matter, such a sensor
can be installed within a housing that allows for air flow, prevents back reflections, and rejects
ambient light. The ADNS-9800 sensor, for example, has a photodiode array of 30x30 (that is, in
this example, 900 photodiodes). For this array, the minimum value, maximum value, average,
and sum of pixel values can be examined to determine the particulate matter measurements.
Other sensors, such as other forms of CMOS sensors, may have larger or smaller array sizes. The
sensor may be paired with a lens that defines a focal point some distance into the environment to
be sensed, such as between 1 and 10 mm.
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Figure 1 shows a comparison of data collected while cooking was being performed
nearby. A first set of PM2.5 data was collected using a dedicated PM sensor (Sensirion SPS40)
and a second set of data was collected using an ADNS-9800 sensor installed in a housing that
allows for air flow, prevents back reflections, and rejects ambient light.
As shown in figure 2, an arrangement that uses an ADNS-9800 sensor (or a similar type
of sensor) can be incorporated as part of a smart home device, such as a thermostat, smoke
detector, carbon monoxide detector, or some other form of computerized device that may be
located where a user would want information about air quality. In some versions, the
arrangement can be incorporated as part of a movable smart device that is not mounted to a wall
or ceiling, such as a smartphone, home assistant device, gaming device, tablet computer, laptop
computer, etc. Due to the sensing device likely being installed in a home, and possibly a location
such as a bedroom, a fan may not be desired, such as due to noise and long-term reliability.
As shown in figure 2, without the use of a fan, open-air sensing may instead be
performed. Such an arrangement may instead perform direct sensing of air in the ambient
environment relying on environmental air movement (e.g., convection) to circulate air near the
sensor. Light or signal filtering may be performed such that only the wavelengths of light emitted
by the emitter are received by the photodiode or analyzed to determine PM levels. By using a
photodiode array, an “image” is obtained, with the measurement from each photodiode
representing a pixel. Calculations, such as the minimum value for an image, the maximum value
for an image, the average value across the entirety of the image, and/or a sum of pixel values can
be examined to determine particulate matter measurements.
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In an arrangement that uses a single photodiode, particle size is determined by the time
the particle takes to cross the detection region of the photodiode – that is, a time resolution based
approach. Therefore, it may be possible for a group of multiple smaller particles (e.g., PM2.5) to
“fool” the single-diode device into identifying a single, larger particle (e.g., a PM4 particle) since
an equivalent amount of light may be reflected by the group of smaller particles and by the single
larger particle. However, an arrangement that uses a photodiode array as detailed herein allows
for both time and spatial resolution.
As detailed in figure 3, if an array of photodiodes are used, as particles move across the
sensing region of the array, it can be easier to differentiate groups of smaller particles from fewer
numbers of larger particles. Over time, the smaller particles may tend to disperse or be sensed
across multiple photodiodes of the array. A larger particle would remain whole as it traverses the
array over time. Figure 3 illustrates a reflection value for each square in an example 9 by 9
photodiode array. As the particles move, the values for each photodiode in the array would vary.
Application of an algorithm to analyze the data obtained using the photodiode array over time
can therefore allow for particle size to be more accurately identified than with a single
photodiode.
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ABSTRACT
Widely available sensors, such as those used for optical computer mice, can be
repurposed to perform particulate matter (PM) sensing. Such sensing arrangements may be
incorporated as part of a smart home device or, more generally, a computerized device without
needing a fan to provide air circulation and yet can still provide reasonably accurate PM sensing.
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